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ABSTRACT 
I n  t h e  pas t  few years  many f l i g h t  c o n t r o l  systems 
have been implemented as f u l l - a u t h o r i t y ,  f u l l - t i m e  
d i g i t a l  systems. The d i g i t a l  des ign has a l lowed 
f l i g h t  c o n t r o l  systems t o  make use o f  many enhanced 
elements t h a t  a r e  g e n e r a l l y  considered t o o  complex 
t o  implement i n  an analog system. Examples o f  
these elements a r e  redundant i n f o r m a t i o n  exchanged 
between channels t o  a l l o w  f o r  cont inued opera t ion  
a f t e r  m u l t i p l e  f a i l u r e s  and m u l t i p l e  v a r i a b l e  ga in  
schedules t o  op t im ize  c o n t r o l  o f  t h e  a i r c r a f t  
throughout i t s  f l i y h t  envelope and i n  a l l  f l i g h t  
modes. The i n t r o d u c t i o n  o f  t h e  d i g i t a l  systems 
f o r  f l i g h t  c o n t r o l  a l s o  c rea ted  t h e  problem o f  
o b t a i n i n g  i n f o r m a t i o n  f rom t h e  system i n  an under- 
standable and u s e f u l  format. 
Th is  paper presents  how we have d e a l t  w i t h  t h e  
X-29A system d u r i n g  i t s  opera t ions  a t  NASA Ames- 
Dryden F l i g h t  Research F a c i l i t y .  A b r i e f  descr ip -  
t i o n  o f  t h e  X-29A c o n t r o l  system, d iscuss ion  o f  
t h e  t o o l s  t h a t  have been developed t o  a i d  i n  d a i l y  
operat ions,  and t h e  t r o u b l e s h o o t i n g  o f  t h e  a i r -  
c r a f t  w i l l  be inc luded.  It a l s o  shows how t h e  
p r o j e c t  has been a b l e  t o  t a k e  advantage o f  t h e  
d i g i t a l  system i n  severa l  o t h e r  areas. 
INTRODUCTION 
The X-29A forward-swept-wing (FSW) technology dem- 
o n s t r a t o r  entered i t s  f l i g h t  t e s t i n g  phase a t  NASA 
Ames-Dryden F l i g h t  Research F a c i l i t y  (ADFHF) on 
December 14, 1984. The X-29A i s  an aerodynamical ly 
uns tab le  a i r c r a f t  r e q u i r i n g  a h i g h l y  augmented con- 
t r o l  system t o  m a i n t a i n  s t a b l e  f l i g h t .  The con- 
t r o l  system c o n s i s t s  o f  t r i p l e x  f l y - b y - w i r e  d i g i -  
t a l  f l i g h t  c o n t r o l  computers (FCC) w i t h  a t r i p l e x  
analog backup system. The FCCs o b t a i n  i n p u t s  f rom 
var ious  system sensors and p r o v i d e  ou tpu ts  t o  
h y d r a u l i c  actuators .  
namic i n s t a b i l i t y  and t h e  t r i p l e x  f l y - b y - w i r e  con- 
t r o l  system, t h e  X-29A was designed w i t h  t h e  f o l -  
l o w i n g  techno log ies :  
I n  a d d i t i o n  t o  t h e  aerody- 
- Forward-swept-wi ng p lan form 
- T a i l o r e d  composite wing s t r u c t u r e  
- Var iab le  inc idence close-coupled canard 
- M u l t i s u r f a c e  c o n t r o l  
- D i s c r e t e  v a r i a b l e  camber 
SYSTEM DESCRIPTION 
Modes 
The c o n t r o l  system i n c l u d e s  severa l  modes, as sum- 
marized i n  Table 1. Heference 1 conta ins  a de- 
t a i l e d  d e s c r i p t i o n  o f  t h e  c o n t r o l  system design. 
Several o f  t h e  modes i n c o r p o r a t e  v a r i a b l e  ga ins 
based on a i rspeed,  a l t i t u d e ,  Mach number and angle 
o f  a t t a c k  t o  o p t i m i z e  t h e  a i r c r a f t ' s  c a p a b i l i t i e s  
throughout t h e  f l i g h t  envelope. Normal mode has 
t h r e e  p i l o t - s e l e c t a b l e  opt ions.  Automatic camber 
c o n t r o l  (ACC) i s  an o p t i o n  t h a t  con t inuous ly  t r i m s  
t h e  f l a p s  t o  m a i n t a i n  optimum performance. Manual 
camber c o n t r o l  (MCC) manual ly p o s i t i o n s  t h e  f l a p s  
a t  d i s c r e t e  p o s i t i o n s  and ho lds  them f i x e d  as 
long as t h e  canard i s  o p e r a t i n g  w i t h i n  i t s  accept- 
a b l e  range. Speed s t a b i l i t y  i s  a p i l o t  a i d  t o  
m a i n t a i n  cons tan t  airspeed. 
a l s o  inc luded t o  a l l o w  t h e  system t o  remain i n  
normal mode w i t h  degraded performance f o r  c e r -  
t a i n  f a i l u r e s .  
Normal power approach (PA) mode i s  u s u a l l y  used 
d u r i n g  t a k e o f f  and landing.  Also, d u r i n g  l a n d i n g  
t h e  p i l o t  has t h e  o p t i o n  o f  s e l e c t i n g  p r e c i s i o n  
approach c o n t r o l  (PAC) mode, which prov ides  an 
auto t h r o t t l e  system t o  c o n t r o l  a i rspeed and 
a l l o w s  t h e  p i l o t  t o  c o n t r o l  f l i g h t  pa th  angle 
w i t h  t h e  p i t c h  s t i c k .  
D i r e c t  e l e c t r i c a l  l i n k  (DEL) mode i s  a ground 
o p e r a t i o n  mode. The name o f  t h i s  mode i s  mis- 
l e a d i n g  because t h e  mode has t h e  c a p a b i l i t y  o f  
s t a b i l i z i n g  t h e  a i r c r a f t  i n  cases o f  f a i l u r e s  
around t a k e o f f  and landing.  The DEL mode i s  
engaged when t h e r e  i s  weight on any wheel. 
Analog r e v e r s i o n  (AR) mode i s  a hardware backup 
mode t h a t  i s  capable o f  recover ing  t h e  a i r c r a f t  
f rom anywhere i n  t h e  f l i g h t  envelope. Two s e t s  o f  
ga ins  a r e  a v a i l a b l e  i n  t h i s  mode. 
(PA) ga ins a r e  a f i x e d  s e t  o f  ga ins used f o r  take-  
o f f  and landing.  Up and away (UA)  ga ins  a r e  v a r i -  
a b l e  ga ins scheduled w i th  impact pressure. 
System 
The X-29A was b u i l t  u s i n g  o f f - t h e - s h e l f  hardware 
where poss ib le .  Many components and subsystems 
f rom t h e  F-16, F-5, and many o t h e r  a i r c r a f t  were 
used i n  t h e  manufacture o f  t h e  X-29A. 
Degraded modes a r e  
Power approach 
F igu re  1 shows the  c o n t r o l  system components. The 
canards, f l  aperons , and s t  rake f 1 aps a r e  u t i  1 i zed 
f o r  p i t c h  c o n t r o l .  The f laperons  a re  a l so  used 
f o r  r o l l  con t ro l  and the  rudder i s  u t i l i z e d  f o r  
yaw con t ro l .  Crossfeeds between l a t e r a l  and 
d i r e c t i o n a l  axes a re  inc luded i n  the  c o n t r o l  laws 
t h a t  coord ina te  the  f l ape ron  and rudder comnands. 
The f l i g h t  c o n t r o l  system i s  a t r i p l e x  d i g i t a l  
system w i t h  a t r i p l e x  analog backup system. 
a i r d a t a  sensors, accelerometers, and pr imary  r a t e  
gyros a re  t r i p l e x  f o r  t he  d i g i t a l  c o n t r o l  system. 
A backup s e t  of  t r i p l e x  r a t e  gyros and a t r i p l e x  
s e t  o f  impact pressure sensors a re  p rov ided fo r  
t h e  backup analoy c o n t r o l  system. The backup r a t e  
gyros are  used by the  d i g i t a l  system i n  the  event 
o f  a pr imary r a t e  gyro f a i l u r e .  The a t t i t u d e  
heading reference system (AHHS) and the  remotely 
augmented veh ic le  (HAV)  system a r e  s i n g l e - s t r i n g  
i npu ts  t o  the  c o n t r o l  system. 
The F-5 c o n t r o l  s t i c k  has been mod i f i ed  w i t h  the  
a d d i t i o n  o f  a f e e l  system t o  p rov ide  f o r c e  feed- 
back and t r i p l e x  l i n e a r  v a r i a b l e  d i f f e r e n t i a l  
t ransducer  (LVUTs) t o  p rov ide  p o s i t i o n  i npu ts  t o  
t h e  c o n t r o l  system. The t h r o t t l e  i s  t h e  on ly  
p i l o t  command t h a t  can be operated mechanical ly.  
The t h r o t t l e  can be c o n t r o l l e d  by t h e  f l i g h t  con- 
t r o l  computers when the  PAC mode i s  selected. 
The c o n t r o l  sur face  ac tua to rs  f o r  t he  canards, 
f l ape rons  and rudder a r e  mod i f i ed  F-16 i n t e g r a t e d  
servo  ac tua tors .  The s t r a k e  f l a p  ac tua to rs  a re  a 
new design. A l l  t h e  ac tua to rs  a re  powered by a 
dua l  h y d r a u l i c  system. 
The d i g i t a l  computer i s  a d e r i v a t i v e  o f  an HOP- 
5301 processor t h a t  has been used on severa l  o the r  
programs. F igure  2 shows t h e  d i g i t a l  computer 
system. Each computer cons is t s  o f  an i npu t /ou tpu t  
processor (IOP) and a c o n t r o l  law processor (CLP). 
The I O P  performs a l l  t h e  i n t e r f a c e  func t i ons  us ing  
f i x e d - p o i n t  c a l c u l a t i o n s ,  and t h e  CLP performs a l l  
t h e  c o n t r o l  law func t i ons  us ing  f l o a t i n g  p o i n t  c a l -  
cu la t i ons .  Each processor conta ins  2 k o f  random 
access memory (RAM), 14 k o f  e l e c t r i c a l l y  eras- 
a b l e  read-only memory (EEROM), and 1 k o f  comnon 
memory f o r  t he  two processors t o  communicate w i t h  
each other.  
The I O P  i n t e r f a c e s  through an ARINC-429 bus t o  
t h e  i ns t rumen ta t i on  system. Data from any memory 
l o c a t i o n  i n  e i t h e r  processor can be t ransmi t ted  
on the  429 bus. 
a r e  preprogrammed i n  the  so f tware  and can be 
changed e a s i l y .  
The d i g i t a l  system operates a t  an 80 Hz minor 
cyc le ,  bu t  t he  m a j o r i t y  o f  t he  computations a re  
run  a t  40 Hz. 
a t  the  beginning o f  each minor cyc le .  Data i S  
exchanged between channels through an in te rcom 
dur ing  each cyc le .  Each channel s igna l  se lec ts  
the  input ,  performs t h e  c o n t r o l  law computations, 
exchanges t h e  ou tpu t  w i t h  the  o the r  channels, 
and v e r i f i e s  t h a t  a l l  t h e  ou tpu ts  a re  i d e n t i c a l .  
The output comnands are  then exchanged as analog 
s igna ls ,  processed through a hardware midvalue 
se lec t ,  and sent t o  the  ac tua tors .  
The 
The parameters on the  429 bus 
The th ree  channels a re  synchronized 
The analog c o n t r o l  system inpu ts  and ou tpu ts  a re  
monitored by t h e  d i g i t a l  system. The analog ou t -  
pu ts  a re  a l so  processed through t h e  hardware mid- 
value se lec t  p r i o r  t o  being sent t o  t h e  ac tua tors .  
The f l i g h t  c o n t r o l  system a l s o  has many b u i l t - i n  
t e s t s  (B IT)  t h a t  a re  designed t o  i n s u r e  t h e  FCC 
hardware and so f tware  are  performing proper ly .  
These t e s t s  a re  run  when t h e  system i s  powered up 
and w h i l e  the  system i s  operat ing.  There a re  a l s o  
a se t  o f  p i l o t - i n i t i a t e d  b u i l t - i n  t e s t s  ( I B I T )  
t h a t  check t h e  f l i g h t  c o n t r o l  system sensors, d i s -  
p lays,  i n d i c a t o r s ,  and ac tua tors .  
Data A c q u i s i t i o n  System 
The X-29A data  a c q u i s i t i o n  system uses bo th  pu lse  
code modulat ion (PCM) and constant-bandwidth f r e -  
quency modu la t ion  (FM) data encoding. F igu re  3 
shows a b lock  diayram o f  t h e  i ns t rumen ta t i on  sys- 
tem. Because o f  space c o n s t r a i n t s  on t h e  a i r c r a f t ,  
a i rbo rne  reco rd ing  i s  not ava i l ab le .  Therefore, 
t e lemet ry  i s  t h e  on ly  source o f  data. The d i g i t a l  
encoding system cons is t s  o f  f i v e  remote PCM u n i t s  
w i t h  fou r  o f  t h e  u n i t s  ope ra t i ng  a t  800 frame/sec. 
Three o f  t h e  800 frame/sec u n i t s  have a l e n g t h  o f  
64 words/frame and a b i t  r a t e  o f  512 k b i t s .  The 
o t h e r  u n i t  has a frame l e n g t h  o f  128 words/frame 
and a b i t  r a t e  o f  1024 k b i t s .  The f i f t h  u n i t  has 
a frame r a t e  o f  25 frames/sec wi th a frame l e n g t h  
o f  512 words and a b i t  r a t e  o f  128 k b i t s .  A l l  
f i v e  u n i t s  have a word l e n g t h  o f  10 b i t s .  The 
f l i g h t  c o n t r o l  computers ou tpu t  da ta  us ing  an 
ARINC-429 data bus. The da ta  bus ou tpu t  message 
conta ins  64 32 -b i t  words w i t h  an update r a t e  o f  
40 messages/sec. The ou tpu ts  o f  t he  PCM u n i t s  
and the  data bus a re  i n p u t  t o  an i n t e r l e a v e r  
u n i t  t h a t  merges the  da ta  streams and ou tpu ts  a 
399.2 kb i t s / sec  s e r i a l  PCM stream. The system 
was designed and implemented t o  a l l ow  f i v e  PCM 
u n i t s ,  A R I N C  da ta  bus, and i n t e r l e a v e r  t o  opera te  
asynchronously. 
The PCM ou tpu t  has a mainframe l e n g t h  o f  128 
1 0 - b i t  words. The main frame r a t e  i s  390 frames/ 
sec, w i t h  subframe r a t e s  o f  195, 97.5, 48.75, and 
24.375 frames/sec. 
The constant-bandwidth FM system cons is t s  o f  I R I G  
channels 1A t o  10A ( d e v i a t i o n  l i m i t s  o f  k2000 Hz) 
f o r  encoding high-response a c c e l e r a t i o n  and v ib ra -  
t i o n  data. Channel 218 i s  used f o r  p i l o t ' s  vo ice  
( h o t  microphone). 
The te lemet ry  t ransmiss ion  system cons is t s  o f  a 
d ip lexe r ,  d i r e c t i o n a l  coupler,  two L-band t rans -  
m i t t e r s ,  and upper and lower fuselage-mounted 
antennas. The ou tpu t  o f  t h e  i n t e r l e a v e r  modulates 
one of t h e  t ransmi t te rs ,  w i t h  t h e  second t ransmi t -  
t e r  modulated by t h e  FM m u l t i p l e x e r .  
t e r  ou tpu ts  a re  d ip lexed  and rou ted  th rough t h e  
d i r e c t i o n a l  coup ler  t o  t h e  upper and lower L-band 
antennas. 
FLEXIBILITY AN0 TESTABILITY 
The t ransmi t -  
The d i g i t a l  system has proven t o  be very f l e x i b l e .  
Many changes have been implemented s i n c e  t h e  f i r s t  
f l i g h t  o f  t he  X-29A. Reference 2 conta ins  a de- 
2 
t a i l e d  d e s c r i p t i o n  of t h e  m o d i f i c a t i o n s  accomp- 
l i s h e d  on the  X-29A. These changes i n c l u d e  a 
major  m o d i f i c a t i o n  of t h e  c o n t r o l  system t o  a l l ow  
t h e  a i r c r a f t  t o  f l y  i n  an expanded f l i g h t  enve- 
lope, t h e  a d d i t i o n  of a f l i g h t  t e s t  mode t h a t  
ho lds  the  f l a p s  a t  a f i xed  p o s i t i o n ,  and the  addi-  
t i o n  o f  a remotely augmented v e h i c l e  (RAV) system. 
The RAV system prov ides  p i l o t  s t e e r i n g  a ids  t o  
op t im ize  maneuver t r a j e c t o r i e s  and the  c a p a b i l i t y  
t o  add s igna ls  t o  p i l o t  o r  sur face  commands f o r  
parameter i d e n t i f i c a t i o n .  Because o f  t h e  th ree-  
sur face  p i t c h  c o n t r o l  and t h e  l a t e r a l / d i r e c t i o n a l  
crossfeeds, i t  was no t  poss ib le  t o  measure the  
e f fec t i veness  o f  t h e  i n d i v i d u a l  surfaces w i th -  
ou t  t h e  RAV c a p a b i l i t y  t o  add inpu ts  t o  the  sur-  
face  commands. 
Other c o n t r o l  system changes i n c l u d e  mod i fy ing  
t h e  a i  rda ta  redundancy management, mod i fy ing  nor-  
mal mode gains, and ref inements i n  the  I B I T .  
The t ime  requ i red  t o  design, implement, and i n s t a l l  
these changes i n t o  t h e  a i r c r a f t  was minimal. But 
t h e  t ime  t o  t e s t  a change can be very i nvo l ved  and 
time-consuming. The t ime  from dec id ing  t o  make a 
change t o  a c t u a l l y  f l y i n g  w i t h  t h a t  change va r ied  
from 1 week t o  6 months and depended on the  pos- 
s i b l e  e f f e c t s  o f  t he  change, t h e  magnitude o f  
t h e  change, and the  mechanics o f  how t h e  change 
was made. 
Dur ing  t h e  normal ope ra t i on  o f  a research a i r c r a f t ,  
many d i f f e r e n t  events occur t h a t  r e q u i r e  t e s t i n g  
t h e  system and data ga the r ing  t o  document t h e  sys- 
tem c h a r a c t e r i s t i c s .  These events i nc lude  system 
changes , t roub leshoo t ing  , system eva lua t i on  , and 
p r e f l i g h t  t e s t ,  a l l  o f  which r e q u i r e  t e s t s  on 
bo th  t h e  a i r c r a f t  and a hardware- in- the- loop 
s imu la t ion .  
TOOLS 
It was obvious from pas t  exper ience t h a t  t o o l s  
were requ i red  t h a t  cou ld  examine the  i n t e r n a l  
workings o f  t h e  d i g i t a l  system wi thout  changing 
t h e  performance o f  t h a t  system. 
S imula tor  
The hardware- in- the- loop s imu la t i on  p lays  a very 
impor tan t  r o l e  i n  t h e  d a i l y  ope ra t i on  o f  t he  X-29A 
because the  a i r c r a f t  i s  a research veh ic le ,  and 
many s a f e t y - o f - f l i g h t  dec is ions  are  made based on 
t h e  r e s u l t s  o f  s imu la ton  t e s t s .  The s imu la t i on  
was designed t o  represent  t h e  a i r c r a f t  as much as 
poss ib le .  I n  a d d i t i o n  t o  modeling the  a i r c r a f t  
c o r r e c t l y  t he  s i m u l a t i o n  was a l s o  b u i l t  t o  e a s i l y  
t e s t  t he  f l i g h t  system. F igure  4 presents a block 
diagram o f  t h e  s imu la t ion .  
For the  s imu la t ion ,  a breakout panel was b u i l t  t o  
make a v a i l a b l e  a t e s t  p o i n t  f o r  every connect ion 
t o  the  FCCs. This a l lows easy access t o  any com- 
b i n a t i o n  o f  analog parameters t h a t  i n t e r f a c e  t o  
t h e  FCCs . 
The system eva lua t i on  u n i t  (SEU), used w i t h  the  
5301 processor. serves as t h e  i n t e r f a c e  t o  the  FCC 
i n t e r n a l  workings. The SEU i s  used t o  examine 
memory i n  the  FCCs when the  FCC i s  no t  running. 
This u n i t  a l s o  mon i to rs  t h e  FCC buses and can d i s -  
p l a y  t h e  value o f  a s i n g l e  r e g i s t e r .  Th is  s igna l  
can a l so  be made a v a i l a b l e  as an analog ou tpu t  by 
a t tach ing  a conver te r  i n t e r n a l l y  t o  t h e  SEU. The 
SEU a l s o  has t h e  c a p a b i l t y  t o  change memory i n  
t h e  FCCs. 
the  change manual ly o r  l oad ing  a change from a 
casse t te  tape. 
To present i n f o r m a t i o n  on m u l t i p l e  parameters 
r e s i d i n g  i n s i d e  t h e  FCCs, t h e  extended a i r c r a f t  
i n t e r r o g a t i o n  and d i s p l a y  system (XAIDS) was 
i n t e r f a c e d  t o  the  SEU through t h e  RS232 p o r t s  
t h a t  would normal ly  be used as te rm ina l  po r t s .  
The XAIDS was developed by NASA f o r  use on sev- 
e r a l  a i r c r a f t .  Reference 3 conta ins  a d e t a i l e d  
d e s c r i p t i o n  o f  t h e  X A I O S  design. The X A I D S  has 
t h e  c a p a b i l i t y  t o  d i s p l a y  parameters i n  eny i -  
neer ing  u n i t s ,  perform t e s t s  on the  data,  and 
d i s p l a y  r e s u l t s  o f  t h e  t e s t .  
The combinat ion o f  t h e  SEU and the  XAIDS p rov ided 
t h e  c a p a b i l i t y  t o  read parameters f rom t h e  FCC 
memory when t h e  FCCs are  no t  runn ing  o r  t h e  
ARINC-429 bus ou tpu t  when t h e  FCCs a re  running. 
Several d i f f e r e n t  types o f  d i sp lays  were deve l -  
oped on t h e  X A I D S  t o  a l l o w  easy access t o  t h e  
des i red  data. The c a p a b i l i t y  t o  change t h e  FCC 
memory was a l s o  developed f o r  t h e  XAIDS. 
necessary t o  a l l o w  t h e  FCCs t o  be e a s i l y  l oad ing  
w i t h  t e s t  programs t h a t  performed s p e c i a l i z e d  
func t i ons  o r  changed which parameters would be 
t ransmi t ted  on the  ARNIC-429 bus. The XAIDS 
a l lows changes t o  be en tered  manual ly o r  loaded 
from a d isk ,  which i s  eas ie r  t o  c rea te  than a 
casset te  tape. 
I n  order t o  d i r e c t l y  compare t e s t  da ta  w i t h  ex- 
pected r e s u l t s ,  i t  was necessary t o  t r a n s f e r  da ta  
from t h e  X A I O S  t o  the  s i m u l a t i o n  computer. This 
was accomplished by adding a 1553 i n t e r f a c e  t o  
the  XAIDS and deve lop ing  t h e  so f tware  t o  t r a n s f e r  
t ime-co r re la ted  da ta  t o  t h e  s imu la t i on  computer. 
F igu re  5 conta ins  an o v e r p l o t  o f  data generated 
i n  the  s imu la t i on  computer w i t h  FCC d a t a ,  which 
has been t r a n s f e r e d  t o  the  X A I D S  through t h e  
ARNIC-429 bus, and then t o  t h e  s imu la t i on  com- 
pu te r  through t h e  1553 bus. 
A i r c r a f t  
This can be accomplished by e n t e r i n g  
This was 
For t h e  a i r c r a f t ,  a s i m p l f i e d  approach t o  t e s t i n g  
was taken. The f l i g h t  schedule c a l l e d  f o r  f l i g h t s  
on two days each week. Therefore,  o n l y  l i m i t e d  
t ime  was a v a i l a b l e  t o  work on t h e  a i r c r a f t ,  and 
t h e  amount of disassembly o f  t h e  a i r c r a f t  had t o  
be kept t o  a minimum. 
o n l y  t o o l s  t h a t  were easy t o  connect t o  t h e  a i r -  
c r a f t  cou ld  be used. 
A l l  instrumented s i g n a l s  were a v a i l a b l e  from a 
hangar c a l i b r a t i o n  system. This system d isp layed 
a l l  parameters i n  counts o r  eng ineer ing  u n i t s .  
The d i s p l a y  was updated approx imate ly  once every 
2 sec. The hangar c a l i b r a t i o n  system was used t o  
mon i to r  slow-changing parameters such as tempera- 
t u r e s  and vol tages. This system was a l s o  used t o  
Because o f  t h i s  l i m i t a t i o n ,  
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mon i to r  s t a t i c  values from a c t i v e  parameters such 
as sur face  pos i t i ons  and f l i g h t  c o n t r o l  system 
sensor inputs.  
Breakout boxes were b u i l t  t o  a l l o w  access t o  analog 
s igna ls .  This works we l l  when a l l  t h e  s i g n a l s  of 
i n t e r e s t  a re  l oca ted  i n  a couple o f  connectors;  
b u t  because o f  l i m i t e d  space, i t  i s  d i f f i c u l t  t o  
connect more than th ree  o r  f o u r  breakout boxes a t  
one t ime. Because o f  t he  t r i p l e x  f l i g h t  c o n t r o l  
system, i t  i s  o f t e n  necessary t o  look  a t  a m in i -  
mum o f  t h ree  d i f f e r e n t  connectors a t  one t ime. 
I n  a d d i t i o n  t o  the  space cons t ra in t s ,  du r ing  
t roub leshoo t ing  problems i t  became ev ident  t h a t  
n o t  a l l  t h e  s igna ls  o f  i n t e r e s t  a re  a v a i l a b l e  a t  
connectors. For example, t he  r a t e  gyro  s igna ls  
a r e  processed through analog no tch  f i l t e r s  and 
low-pass f i l t e r s  i n s i d e  the  FCCs. F igu re  6 shows 
t h e  implementat ion o f  t h e  f i l t e r s .  The f i l t e r i n g  
changes t h e  high-frequency conten t  o f  s igna l  con- 
s ide rab ly  a f t e r  i t  i s  examined a t  t h e  FCC con- 
nec tor .  Therefore, t h e  on ly  p lace  t h e  s igna l  o f  
i n t e r e s t  was a v a i l a b l e  was i n  t h e  d i g i t a l  com- 
pu ter .  The SEU had the  c a p a b i l i t y  t o  examine 
one s igna l  a t  a t ime  as descr ibed p rev ious l y ,  
bu t  t h i s  was no t  adequate t o  p rov ide  data from 
mu1 t i p l e  channels. 
I n  o rder  t o  examine da ta  i n s i d e  t h e  d i g i t a l  com- 
pu te r ,  a menu-operated personal computer was i n t e r -  
faced t o  the  SEU through t h e  same RS232 p o r t s  t h e  
XAIDS used i n  the  s imu la t ion .  
Th is  i n t e r f a c e  al lowed da ta  t o  be t r a n s f e r r e d  be- 
tween t h e  FCCs and t h e  personal computer through 
t h e  SEU. The data can then be manipulated i n  the  
personal computer by var ious  programs. 
S p e c i f i c  t e s t  programs have been w r i t t e n  f o r  FCCs 
t h a t  s t o r e  da ta  from t h e  a i r c r a f t  f o r  a p a r t i c u l a r  
t e s t .  The data a re  then t r a n s f e r r e d  t o  t h e  per- 
sonal computer where a spreadsheet program i s  used 
t o  eva lua te  the  data f o r  proper t e s t  response. 
An example o f  t h i s  t ype  o f  t e s t  i s  t he  t r o u b l e -  
shoot ing  o f  r a t e  gyro  f a i l u r e s  du r ing  I B I T .  
The IB IT  i s  i n i t i a t e d  by t h e  p i l o t ,  au tomat i ca l l y  
r u n  by t h e  FCCs, and a response o f  "pass" o r  
" f a i l "  i s  presented t o  the  p i l o t .  I f  t h e  I B I T  
f a i l s  a spec ' i f i c  t e s t ,  i t  i s  recorded i n  nonvol- 
a t i l e  memory; bu t  no i n fo rma t ion  about t h e  t e s t  
i s  saved. Recording the  analog s i g n a l s  d i d  no t  
p rov ide  t h e  necessary i n fo rma t ion  f o r  t r o u b l e -  
shoo t ing  because o f  t h e  FCCs' i n t e r n a l  f i l t e r i n g .  
I n  o rder  t o  determine how t h e  r a t e  gyros were 
responding, a t e s t  vers ion  o f  I B I T  was w r i t t e n  t o  
s t o r e  the  des i red  values du r ing  the  t e s t .  The 
program was loaded i n t o  the  FCCs, t h e  t e s t  run, 
then t h e  FCCs ha l ted ,  and t h e  da ta  t r a n s f e r r e d  
t o  the  personal computer. F igu re  7 shows t h e  
setup f o r  t he  t e s t  and the  ou tpu t  o f  t h e  spread- 
sheet program. 
Other types o f  t e s t s  a l so  used t h i s  method o f  c o l -  
l e c t i n g  data out o f  the  d i g i t a l  computer. Accept- 
ance t e s t s  t h a t  a re  normal ly on l y  run  i n  a labo- 
r a t o r y  were run on the  f l i g h t  c o n t r o l  ac tua tors  
w h i l e  the  ac tua tors  were i n s t a l l e d  i n  the  a i r c r a f t .  
Again, a spec ia l  t e s t  program was w r i t t e n  t o  save 
a l l  t h e  necessary data wh i l e  t h e  t e s t  i s  execu- 
t i n g .  A f t e r  t h e  t e s t  t h e  data a re  t r a n s f e r r e d  t o  
t h e  personal  computer where t h e  r e s u l t s  a re  com- 
pared w i t h  t h e  acceptable values. 
Eva lua t ions  of t he  I B I T  t o le rances  were a l s o  made. 
Dur ing t h i s  process i t  was determined t h a t  t h e  
to le rances  were acceptable, bu t  i n  some cases t h e  
nominal value was no t  co r rec t .  These t e s t s  were 
p o s s i b l e  because o f  t he  c a p a b i l i t y  t o  reprogram 
t h e  d i g i t a l  computers w i t h  t h e  proper  tes ts .  
CONCLUDING REMARKS 
The X-29A redundant d i g i t a l  system has al lowed 
increased capabi 1 i t y  and f l e x i  b i  1 i t y  o f  f l i g h t  
c o n t r o l  systems. Major changes have been accom- 
p l i s h e d  s a f e l y  w i thou t  major impact on the  f l i g h t  
program. 
t i n u e  t h e  f l i y h t  program have been made i n  as 
l i t t l e  as one week. 
The d i g i t a l  system a l s o  requ i red  i nc reas ing  t h e  
c a p a b i l i t y  o f  t h e  t o o l s  used d u r i n g  t e s t i n g  and 
t roub leshoot ing .  
o b t a i n  and process data f rom t h e  i n t e r n a l  memory 
o f  t he  FCCs. Data can be ob ta ined i n  r e a l  t ime  by 
u t i l i z i n g  t h e  ARINC 429 bus designed t o  be easily 
modi f ied .  Data can a l s o  be ob ta ined by changing 
t h e  code i n  t h e  FCCs t o  s t o r e  t h e  requ i red  param- 
e t e r s  and by dumping t h e  memory t o  a personal  com- 
p u t e r  a f t e r  t h e  t e s t  i s  complete. Th is  da ta  can 
then be reviewed i n  a more understandable format. 
The X-29A program has been very  successful .  The 
development o f  f l e x i b l e ,  easy-to-use t o o l s  f o r  
o b t a i n i n g  and hand l i ng  da ta  has al lowed t h e  
p r o j e c t  t o  ma in ta in  a h i g h l y  p roduc t i ve  f l i g h t  
ra te .  
i n v e s t i g a t i v e - t y p e  t e s t i n g  t o  be accomplished 
e a s i l y  w i thou t  disassembl ing t h e  a i r c r a f t .  
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NOMENCLATURE 
ACC automat ic camber c o n t r o l  
ADFRF 
AHRS a t t i t u d e  heading re fe rence system 
AR analog r e v e r s i o n  
Ames-Dryden F1 i ght  Research Faci  1 i t y  
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I B I T  
I O P  
LVDT 
b u i l t - i n  t e s t s  
c o n t r o l  law processor 
d i r e c t  e l e c t r i c a l  l i n k  
e l e c t r i c a l l y  e rasab le  read-only memory 
f l i g h t  c o n t r o l  computers 
frequency modu la t ion  
forward- s wept w i  ng 
i n i t i a t e d  b u i l t - i n  t e s t s  
i npu t /ou tpu t  processor 









XA I DS 
manual camber c o n t r o l  
power approach 
p r e c i s i o n  approach c o n t r o l  
pu lse  code modu la t ion  
random access memory 
remotely augmented v e h i c l e  
system eva lua t i on  u n i t  
up and away 
extended a i r c r a f t  i n t e r r o g a t i o n  and 
d i s p l a y  system 
TABLE 1 - X-29A FLIGHT CONTROL MODES 
~~ 
Funct ion Options Cont ro l  modes 
normal normal f l i g h t  automat ic camber c o n t r o l  
manual camber c o n t r o l  
speed s t a b i  1 i ty 
degraded modes 
normal PA t a k e o f f  and land ing  
p r e c i s i o n  approach p r e c i s i o n  land ing  
d i r e c t  e l e c t r i c a l  ground opera t ion  
analoy reve rs ion  analoy backup UA gains,  PA gains 
c ont r o  1 
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